In a previous study,' perceptual motor dysfunction in Parkinson's disease was explored using a task in which patients traced patterns and then filled in missing sections of those patterns. A relationship between tracing performance and scores on tests of construction and general intelligence was noted. In that study, videotaped tracing performance was rated. Using this method, the specificity of the relationship to particular intellectual functions was not established. Certain aspects of tracing performance seemed to be related to the motor manifestations of the disease, but we could not demonstrate this relationship. Also, the different errors made by Parkinsonians and controls when tracing paths with missing segments were not established quantitatively because our rating system focussed on qualitative aspects of tracing rather than quantifying movements. In order to re-examine these issues, we tested patients and controls on a similar tracing task,
SUMMARY Patients with Parkinson's disease and controls traced patterns of increasing complexity presented on a vertical transparent screen. Some patterns were presented with missing segments which subjects were required to fill in. Digitising equipment quantitated movements for computer analysis. Subjects also completed a brief test of general intellectual function, a construction test and an assessment for depression, and the severity of patients' Parkinsonian signs and symptoms was rated. Patients performed more poorly than controls on complete patterns, and their errors increased more sharply than controls on patterns with missing segments. Patients' errors, but not those of controls, in filling in missing segments were uniquely related to performance on construction tasks. Other aspects of patients' tracing performance correlated with the severity of their Parkinsonian symptoms. These findings suggest that there is an underlying perceptual motor deficit in Parkinson's disease that affects performance on both tracing and construction tasks.
In a previous study,' perceptual motor dysfunction in Parkinson's disease was explored using a task in which patients traced patterns and then filled in missing sections of those patterns. A relationship between tracing performance and scores on tests of construction and general intelligence was noted. In that study, videotaped tracing performance was rated. Using this method, the specificity of the relationship to particular intellectual functions was not established. Certain aspects of tracing performance seemed to be related to the motor manifestations of the disease, but we could not demonstrate this relationship. Also, the different errors made by Parkinsonians and controls when tracing paths with missing segments were not established quantitatively because our rating system focussed on qualitative aspects of tracing rather than quantifying movements. In order to re-examine these issues, we tested patients and controls on a similar tracing task, using digitising apparatus to quantify their movement speed and accuracy. Using this new approach, more error by patients than controls was noted as segments of paths were deleted, a specific relation of tracing errors to construction performance in the Parkinsonian patients was found, and a correlation between other aspects of patients' tracing performance and ratings of the motor manifestations of the disease was established. These findings aid in developing a clearer understanding of perceptual motor dysfunction in Parkinson's disease.
Methods

Subjects
Sixteen patients with idiopathic Parkinson's disease were tested. Medication for their symptoms was unchanged over two months before entry. Nine subjects with no history or signs of neurologic or psychiatric disorder served as controls. None of the subjects had been studied previously. All subjects were volunteers and gave informed consent; none were on medications that affect intellectual function, or had a history or signs of dementia as determined by neurological or neuropyschological evaluation. All but one subject were right handed. A summary of demographic characteristics of subjects is given in table 1. The tracing task was similar to that used in our earlier study.' The apparatus consisted of a clear screen (3 feet x 3 feet) mounted perpendicular to a testing table. Paths drawn on clear plastic were affixed to the screen (fig 1) .
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The lines of the paths were 0*79 mm wide. Path 1 was a straight line, and Path 2 consisted of two endpoints which the subject connected in a straight line. Paths 3-6 were the same sawtooth pattern, but Paths 4-6 had progressively increasing segments deleted. The subject traced the paths with a stylus. The subject was presented with patterns in the sequence showhin Figure 1 and instructed to trace the pattern with the stylus beginning from the right side and, at the end of the pattern, return to the starting point. Left hand performance followed right. On patterns with deleted segments, the subject was instructed to attempt to complete the pattern by filling in the missing segments while tracing.
Mounted on the tracing screen was the "L" shaped microphone array of a sonic digitiser (Scientific Accessories Corporation GP6-25H). This microphone array and the stylus that was moved along the paths during tracing were 1-2) , and on the sawtooth paths (Paths 3-6). The most stringent general interpretation of these findings is that the motor manifestations of Parkinson's disease accounted for the generally lowered tracing accuracy of patients on all paths, while the additional decline in performance on paths with deleted segments was due to some intellectual deficit, or problem of "higher-order" motor control.
The consistent and unique relationship of Parkinsonians' tracing error on the more difficult paths with missing segments (Paths 5 and 6) to performance on construction tests suggests that the tracing and construction tasks tapped a similar cognitive process. In contrast, tracing error in controls correlated with indices of general intelligence and not with construction. In our earlier study' we had noted a relationship between tracing, construction, and intellectual function in Parkinson's disease, but the quantitative measures in this study allowed us to isolate a specific relation to construction.
Another factor that correlated with patients' tracing performance was the severity of the motor manifestations of Parkinson's disease. In our previous study, the effect of these symptoms was inferred, but no direct correlations were observed. It was not possible in this study to isolate particular symptoms that affected performance, but tracing velocity was most frequently related to motor symptom severity.
Deficits in Parkinson's disease are commonly noted on construction,7-'0 orientation,"'0'3 and tactile tacks. ' In this study, poor performance in filling in missing segments of paths could be considered a deficit in sequential and predictive movement. Patients either could not generate a proper motor plan to guide the movements or could not carry out that 988 plan. The severity of this deficit was related to performance on two construction tasks. Construction deficits can also stem from an ability to plan constructional activity or to check the accuracy of that activity.25 Therefore, these data suggeEt that a general deficit in Parkinson's disease that we have sug--gested be called perceptual motor dysfunction. ' 26 This term implies that difficulty lies in coordinating the motor and perceptual activities necessary to successfully carry out these tasks. This inability is particularly apparent as external guidance from the environment is removed, for example, as segments in traced paths are deleted. Deficits in the sequencing of simultaneous movement'8 9 or in performing rapid movements'6 also suggest a problem in controlling these measurements when the activity cannot be continuously monitored. Perceptual motor dysfunction in Parkinson's disease may apply only to tasks that demand motor output, but the dysfunction as outlined could apply to purely cognitive tasks as well. In the Wisconsin Card Sort, which patients with Parkinson's disease perform poorly,827 responses must be modulated based on the success of past responses. This may also reflect a perceptual motor dysfunction.28 More to the point are deficits in spatial tasks that demand no motor output. These imply that perceptual motor dysfunction affects not only motor control but the underlying coordination of sensory and motor activities that is necessary for the development of internal spatial representation. Deficits of this nature have been suggested in studies of spatial memory29 and multiple choice spatial tasks .30 In conclusion, deficits in perceptual motor function affect both construction and the control of sequential and predictive movement in Parkinson's disease and may also result in impaired internal spatial representation.
